Molecular oxygen has been considered to participate in the initial step of degradation of heme (including heme in hemoglobin, and hemin), but the mechanism of oxygen activation is not clear. Brown (1) has suggested that heme cleavage requires formation of heme-O2 complex and the bound oxygen is reduced and converted to hydrogen peroxide.
On the other hand, Weiss (2) has postulated that the structure of oxyhemoglobin is a superoxo-ferriheme complex (Fe3+.0-2¥). In shark hemoglobin (indicating oxyhemoglobin in general), it has been reported that the superoxide radical is produced during hemoglobin auto-oxidation (3) . In this context, it is important to study the effects of hydrogen peroxide and the superoxide radical on hemoglobin or hemin (protoferriheme).
Many reports have dealt with the heme degradation by hydrogen peroxide and the effects of hydrogen peroxide and the superoxide radical on hemoglobin (4-7), but evidence for degradation of heme itself by the superoxide radical is lacking.
In this study, we found that hemin degradation occurs in the presence of NADH and lipoamide dehydrogenase and that hydrogen peroxide and the superoxide radical participate in this reaction. Rat liver lipoamide dehydrogenase was prepared as described previously (8) . Hemin was obtained from fresh pig hemoglobin by treatment with cold acetone (-20 C) containing HC1 (2 ml of 2 N HC1/liter of acetone).
The concentration of hemin was determined as alkaline pyridine protoferrohemochrome on an assumption that the extinction coefficient of pyridine protoferrohemochrome at 577 nm is 34.7 mM-1.cm-1 (9) . All spectrophotometric measurements were conducted in a Hitachi 124 recording spectrophotometer at room temperature. Protein was determined by the method of Present addresses: 1Department of Biology, National Institute of Physical Recreation in Kanoya, Kanoya-shi, Kagoshima 891-23, Japan, and 2Department of Nutritional Biochemistry, Kagoshima Women's Junior College, Kagoshima 890.
Lowry et al. (10).
Hydrogen peroxide generated in the incubation mixture was determined by the method of Synder and Hendly (11) . The reduction of nitroblue tetrazolium was measured by following the increment in absorbance at 560 nm (12) .
As shown in Fig. 1 Figure 2 shows the absorption spectra of hemin degradation product(s). The product(s) did not show any specific absorption peak but a flat absorption spectrum, suggesting that hemin was bleached in the presence of NADH and lipoamide dehydrogenase and that hemin turned into a colorless product(s). The complete system contained 0.2 ml each of lipoamide dehydrogenase (2.5 mg/ml), hemin (292 nmol/ml) and NADH (50 mg/ml).
The total volume was adjusted to 2.8 ml with Tris-HC1 buffer (pH 8.0, 50 mM). After incubation at 37 C for the indicated time, a 0.5-m1 sample was taken from the reaction mixture and added with 2 ml of alkaline pyridine and 3 mg solid dithionite. Fig. 2 . Absorption spectra of hemin degradation product(s) . The reaction mixture consisted of 2 ml Tris-HC1 buffer (pH 8 .0, 50 mM) and 0 .2 ml each of lipoamide dehydrogenase (2.5 mg/ml) , hemin (394 nmol/ml) and NADH (50 mg/ml).
The reaction mixture was incubated at 37 C. At indicated time , a 0 .5-ml sample was taken from the reaction mixture , added with 0. 
